Introduction
Hidden sectors are on vogue nowadays since they are needed to realize popular extensions of the Standard Model, as Supersymmetry and String Theory. Hidden sectors could be very weakly coupled to our visible sector through heavy messengers, via loop interactions. As a consequence, we are left with effective couplings at low energies, that mix both sectors. Prime candidates, that can emerge from a hidden sector, are hidden photons (HP), i.e., gauge bosons of an extra U(1) gauge group [1] . These particles, if massive, mix kinetically with photons, leading to oscillations between both of them.
Several direct and indirect searches have been performed looking for these particles and many others are being planned for the near future (see ref. [2] and references therein). Even though HPs are very weakly coupled to photons, they do leave an imprint in several physical phenomena, for instance, Coulomb law [3] . In the same way, we want to explore signatures the Aharonov-Bohm (AB) effect [4] , can gives us about hidden photons.
Aharonov Bohm effect for massive photons
The observable essence of the AB effect is the path-dependent phase, ϕ, of an electron wavefunction, which is shifted in the presence of an electromagnetic potential
Where the phase shift ∆ϕ is related with the magnetic flux, Φ, enclosed by the path of the electron, ∆ϕ = eΦ. A theoretical modification of the AB effect under a possible non-zero photon mass was discussed in Boulder and Deser (BD), [5] . They argue that it is not necessary for the vector potential to be a gauge field achieve the AB effect, but to be minimally coupled to matter. Let us assume a typical AB experiment, with a solenoid of radius a, and a steady current, j. Following BD, for a massive photon, the equation of motion of the system is the Proca equation.
For stationary currents, only the transverse mode survives and the equation of motions becomes
Where M is the photon mass.The current in a magnet solenoid has the form J =φjδ(a − ρ).
Where ρ and ϕ are cylindrical coordinates. Imposing a cylindrically symmetric ansatz for the vector potential, of the form A =ẑ × ∇Π(ρ) we find an equation for Π(ρ)
Whose solution is given by
The corresponding magnetic field is given by the expression B = ∇ × A. By taking the curl of the vector potential, we get B =ẑ e jΘ(a − ρ) +ẑM 2 Π(ρ). We note that besides the usual solution -confined to the surface of the solenoid -there is a contribution that leaks out with a range given by M −1 . Therefore, the magnetic flux besides its normal value, picks up extra contributions from inside and outside the solenoid, coming from the non-zero mass of the photon.
Aharonov Bohm effect for hidden photons
The effective low energy Lagrangian that mixes photons, A µ , with hidden photons, X µ , is
where F µν is the field strength tensor of photons and G µν the analogue for hidden photons. The quantity χ accounts for the strength of the coupling between visible and hidden sectors and is predicted to be very small [6] . We have also included a mass term for the hidden photon, m γ , arising from a standard Higgs mechanism or Stueckelberg mechanism [7] . Kinetic mixing can be removed from the Lagrangian by rotating the fields to a new basis, with a massless photon and a heavy hidden photon, i.e.B µ = B µ cos χ, andÃ µ = A µ − sin χB µ In this new basis the equations of motion for (5) read
Where we have chosen a gauge suchÃ 0 =X 0 = 0. The equation of motion for the fieldÃ is the usual equation for a massless gauge field, and the equation for the heavy HP is the same as the Proca equation we found for a massive photon, eq. (2). We solve, therefore, in the same way as BD. The magnetic field associated toX, given by BX = ∇ ×X, is
where the function Π(ρ) is given again by eq. (4). Now we can go back and find the true magnetic field, B = ∇ × A. From eq (??) we have, A =Ã + tan χX and taking the curl to this equation we get
Therefore, we have realize that if a HP mixes with a photon, there is a small component of the magnetic field in a (confined) solenoid that leaks out of it, both inside and outside the solenoid radius. Let us note that therefore the effects stops being topological in nature, since there is actual leaking of magnetic field. This interesting fact opens several detection possibilities, besides Aharonov-Bohm-type experiments [8] .
Limit from Aharonov-Bohm-type experiments
In this section we will compute the bound that one can get from an AB experiment. Let us recall that the phase shift that an electron beam suffers by surrounding the solenoid is proportional to the magnetic flux enclosed by it ∆ϕ = eΦ.
Without kinetic mixing, the magnetic flux is given by Φ 0 = ejπa 2 . Assuming a mixing between photon and HP, Φ can be obtained by taking the surface integral of eq. (9), and reads
The above formula is however not final yet, since it is not properly normalized. Note that for m γ → 0, eq. (11) does not recover its natural value, Φ 0 . This is because the electric charge gets also renormalized by the mixing photon-HP [9] . This issue has been already addressed by Jaeckel and Roy in [10] . They developed a procedure to get the proper bound from a function, F(χ, m γ , α), where there is also a parameter α that depends on χ. The procedure takes as many independent measurements as the number of parameters depend on the kinetic mixing in the function F. In our case, we have χ and the electric charge, which we will write in terms of the fine structure constant e 2 = 4πα, so we need an extra independent measurement of α (besides the AB experiment). We will consider the electron g − 2 experiment, worked on [9] , since is the most sensitive measurement of α. From ref. [10] we can write the bound on χ as
where M i , (i = 1, 2), are the two independent measurements of α i , and have the form
The parameters ∆M i are the absolute uncertainty in the measurement. The AB experiment provides a measurement on α given by ∆ϕ = 4παΦ 0 + 4παχ 
Outlook
We have explored the phenomenological consequences of mixing photons and hidden photons in the Aharonov-Bohm effect. We found that indeed there is a modification, and therefore the phase acquired by a test electron beam gets an additional shift in the phase. The most attractive feature is to realize there is actual leaking of magnetic field out of the magnetic source. This implies that this AB effect -known to be of topological nature -gets an extra contribution to the phase shift of the electron beam that it has a non-topological nature. We also showed expected constrains from an hypothetical AB experiment. Further development will appear soon in [8] .
